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(57) Abstract 

PROBLEM TO BE SOLVED: To enhance transmission 
characteristics of heat generated from a heating element 
by forming a film having two independent amorphous 
structures, i.e., a network structure of carbon 
stabilized with hydrogen and a network structure of 
silicon stabilized with oxygen, on the heating element 
of a heater. 

SOLUTION: In the heater board of an ink jet head, a 
sur^ce oxide 10 is deposited on an Si substrate 9 and a 
heating element layer 11 is formed therBon followed by 
sequential formation of an Al electrode 12. an 
Si02 insulating layer 13 and a protective film 14. The 
protective film 14 has double structure of a network of 
carbon stabilized vvith hydrogen and a network of silicon 
stabilized with oxygen. Alternatively, it has double 
structure of a network of carbon stabilized with 
hydrogen and fluorine and a network of silicon 
stabilized with oxygen. These films are excellent in 
adhesion to the substrate and abrasion resistance and 
have hardness of 2000kg/mm^ and fiictional 
coefficient in the air as low as 0.03-0.1. 
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«y h^-y 

ss{cttiieta:tt5P*^^>^ >'i?$:tta5-r2>cotfflv>^>n.i>fs 

X^Vl-df ^^-rS5B?ftffi«:#:S:^(t^'f i^'x -y h 
;f-y NV-i?«3tt. ^liliiMiL. m.mX'^^itLtz 

X 'y b 'N. 'y K „ 

^•yHfci5V%r. 

(OTtJi^yrX^-^yh'y-i^mm^ (a- (C : H : 
^;l':7rX;^--y hy-:7«3t ( a - ( S i : O ) ) 

^^him^mmx-mm^tix^-^hztirmsLt-t^-f 

'7-:;'fl!jt<^it{iO. 2 5^ (a- (S i : O) ) / 

(a- (C : H : F) ) ^ 1 ^jW/i-T^ i: ^ittStt f 5 
if5^:«4i2««0'f y^Vs, -y h^«y H, 

[»*3S6] frsr^;U7r;^^-y hv-^^it (a 

- (C : H : F) ) {Cfctt^g-yKm (H) t7>y3g (F) 
{iO. 25g(H + F)/C^0. 82, 0. 125^ 
F/H S 1 $-<S7t-ri i: ^#®i:-r.g.fi^3l4fe«icO^ 

y-^'j^^yV^vY. 

[if5R3S7 ] mrieT^;L'7rX;^-y hy-:J'Mjt ( a 

- (S i : O) ) (C*3(tSS« (O) Srir^lg (Si) 
JiO. 4 3gO/Sigl$-ji7t-rc:i:$-#ISi:-ri.» 

*3S4 laa^O-f >• i/'x -y h >y F . . 

lif^jss] i«^i~7cov>-rti*^co3i{wfe$K<:o^ 

[iM3S9 ] fffa^f ^-^^ i/x -y h^ y H^^^gliH? 



[ mim 1 0 ] mrie'f y i^'x <y h ^ y Hji*#g{± 

frS'f y v'x >y h's >y K^^ttttJ-T* y^ (Ty^^lii \,Z 

m'Thft^ m-^y^iy^y h^-y rmm^mi^iz. m 
la-f y^^i/x -y h^-y F*M y^^tttii^^feie^Mf^ 
<^illKM:frr«a{cii:35-rs -^i^^z^m^m^mx-h i. ^ t ^ 
!^iti:-r^ffiRJi8fa««0'f y^' v'x -y hiis. 

[000 1] 

rnvx-^y^iattii-t^zkizx "om^ti^d-i y^'J 

X -y F's.-y HtJ ilX'f y;;' i;'x >y h^Sf-K-ti. t><7)T' 
[0002] 

# . stcffi#iK >y Y'^mm.^wcr>A-mttmmx'h 1 1 

v^dittSJ-^frL-CVkS. Wtc, >'N*y;l'v''x >y Meiiti. 
-f y t LT V (cjpgfit- S ^ i: j; 

i^'x -y M2ll^i. y^^kw^ti^MEmmm 

Ko -y TP -y b $:?Rj®$-tir. tm^WzHm^^X 

sm^&'notcox'h-ox. zcoammmi^co^mux 
Ltc mmcr> K o -y r p -y h cr,mm:tj\^ mimt 

S i o T v-> < o*»c7):fe^{c KS'J^ its . 

[ 0 0 0 3 ] ig 1 mtiint^mnff^s oeo 

4 2 hcr>x\ §mmi^(^A^(r> 

[0004] m2<7):)T^\i^ mx.iimm'\m^3 596 
2 7 5^mmm. us 2 9 s o 3 o^mmmizm^^tL 

tLX\.^:hmmmmmimm^iti>zfctm^m±icMi 
m^ndi><7)X'$>&. ■ 

[0005] m3<r):ffmt. mtisimmnms 4 1 6 

1 5 3^mmmi,zm^^tihhcox\ yx/ut ')yy±. 

X. tmwiW<r>A'm^^m\L^^txtmth-nmx'h 

smm^i^zmt-xm^-th z t c j; -5T^jN?s<7)^-ft,ttsi 
^•^ijffliL. §mmm<7)mmmmmLxim^^, 
[0006] m4:(7)yjmi. mtimwmffms 747 
1 2 o-^H3S!ffl«^cra^$fLi,t<7)T\ Hfrie3-o<o:^fc 
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[ 0 0 0 7 J WiZ. mmm4 8-9 6 2 2-^ (MIE*I1 

<^¥fm3 7 All 2 o^mmi>zMm) tea. wietx 
Ywmn=f-mco^mzx hwmmi:j^^)v^-t:mm 
rr&fti^ 0 ^z»ij:.^)v^--^mmti>-^mi)^m7v^^ tec 

^^iXTfcO, ^^K5 6- 1 04 7 l-^^tfeV^TJi. 
^ei?!^!!^*^ J I 0 . 0 5S—2SI,z-r^Ztl,z 

■5ii:*^'W^?ixT».^.|., #^Bg6 2-2 0 1 2 5 4-^ 

izt5\^^xii. ^iiimm^mt-t?>tmiz^^er>m^, 
A:b^t^^x'0'^^^^^±t-thz.kizi'ox. mmmm 
'^m^mfS.ij^m^^tix v ^s . 
[ 0 0 Q 8 ] s . m^comA^<r>m}ki!)-i:3. 

«M<50«SJl(50SStt*^«WT-*> 0 . #raBS6 0-20 
3 4 5 2-^, #^^6 0-2066 S^Ui^^tt^^J^m 

m^ti?>mm(^mm'S:mmz-r^z tizx^i. mmmco 
[0009] ^Mmmi>zm^^ix^\<K — jse^j^ram 

StBcott^fcoV^Tti. 1tW^5 5 - 1 2 84 7 0-f-tC 
-111 7 3-^lc{i:-aSS&S3fcttejliii?5®-fl:lK2rfflV^T 

m^L. m^^mi:wmm-{tthzti,zx'om^ii^m 

[00 10] 

mmi < -i y^i,zmmx'^ ^ i o , m{mm*^\'-*z t 

■ifi-j^X-hh, 

[00 11] mWm55-\ 2 84 6 8-^iCJi, ffiSB 

m-^'t^)r/'fy. m^^y-s^jv. mi\:,i'yyx^ 
m.it'yy-^'y. mt-^ -yvj^^j^. m^t-^yyfiymcrm 
-ftxhoy^n^A, m^t^^v^yM,. m(ti^v^y^<7)± 



yrxi^vziy^ T^juyrx-bi^ym<^^mU^^-St& 

ommxi^yTf^-ti-tfi^^^zk. omm^yi^'iizM 
witii. i^u:=i-ymm. y-ymmm. s^mm^ur^ 

[0012] t*»L^*if>. tsf*»<i>nTV^^««f {i 
7t. #ra¥2 - 2 5 8 2 6 7#{C{±Kr^cO!^tt5:MS'r 

mmm-mt ( s *g^*iiajn) LT*eigH4, 

[0013] ZcoX 3 tc. ^d>liX'%^Lfzmi^mJ: 
<^y-^ tea L . IBi^t=«?&i& l^-ti: Le6 S Sfftilttt 

[0014] 

mm±.^z^mi^ tinym t y >y mxs^it Ltzmmco 

^- -y V V- KST'^^-ft Lfz-tr^ ScO;^ -y h V 

■So 

[00 15] 

mmcommc^mm] lar. ^^m^zmixmm^zmm 

mM(^^yYy-9 (a- (C : H) ) bmmx'^^-{^ 
Lfzir^ mcO:^-y hV—:^ (a- (S i : O) ) <7)ZM 
fiUtfrfl-UTU-l.. a- (C : H) filJtta- (Si: 
O) ^jSJiSVHcJfciiLT^ftL-CtSO, C-Sii^ 
^tli^LX\,^^\,\ 

[0 0 1 6 ] ^yt:, 3p:56BJ{C^Sm2m^lg{i. Tk^ 

i: y -/mX'^^^tLfcmmcO:^^ -y h V—7 a - ( C : 
H : F ) t e^T'^^-ftLJtcJ-'f ^cO^t'^ >y h a - 

(Si: O) <0rS«jt5r*LTV'>S. a- (C : H : 
F ) a- ( S i : O) ffiittiSV^iC^ALT^^tt 

LTfcO. C-S i^^^:i;'(±#qtLTV^^V^, ,rix^> 

SS2 0 0 0 k g/mm2 , ^m4'tCt;«tl.)^iS 

0 . 0 3~o . 1 i:>h$ < , mirzm^/&.^¥t 
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0~5 OOW/mkt:*:§< . mmtaJil 0»3Q'c 

m, mmmmsi^mi ~i vycmx-h'o. 

[0017] *^HJ(7)K(±, gftWtCtS^-C'^-Y-^* y 

^^■itLtzmm<0:^'yhV-:^ a - ( C : H : F ) (O* 
[ 0 0 1 8 ] *|%Hjc7)^^gl^{j^ •ryX-7CVDmt-( 

XVCVD-^, i^n-^r^XvCVD^, ECR- 

(CH3 ) 2 CO, (Cg Hj ) 2 com<r)'rV 

y%.^ CO, CO2 m<r>fi7.^ s i H4 , s iz Hg , 

S i C I4 , TEOS (S i (OC2 Hj ) 4 ) , Cj 

H5 Si (OC2 H5 )3 , Si (OC3 H7 ) 4 , 

(C3 H7 )3 SiH, SiHClj , SiH2 CI 
2 , S i F4 , S i Fg , S i I4 m<ryi^x^ isXV^Z 
tl^cO^'MZNi . H2 , O2 , Hj O, Ar, He* 

tis ^nmcOS i , S i O, S i O2 i)^mf^tlh. 

[00 1 93 :^%m<r)mmmz'o\,^xii. e sc a. je 
mtiRmmmmmm ( e xa f s ) . -fb^wx^yf- 

10 0 20] mmit. 1 00 nm~l OiimrnKTibiX 
^£X<, mz5 0 0 111X1—2 umt^iffmx-hh. 

[0021] mmi}m-t^i> t+'^^tm^. B^-vb- 

[00 22] ti::. jSffiimiSl3&«^*»0. nxhr-yr 

[00 23] mm^mismt-rhmAtLx. 

m^^2- 2 5 8 2 6 7-f-(c:ra^§nTV->?,?S«^:r'f 
KttMfgM ( mT, D L C ) -5. V '.«i7j<5g-fl:T^ 
/1-7t;^«^]^ (OT. a-C : H) *<»](i,tiTV^^, 
DLC$>SV^{±a-C : H{i, M+tCH Sr-^-^-T^ T^: 
;U7rX«igT% sp3 m^tspi ie^$.^rLTUS 

[0024] t.tz. flti^Lf^ i p 4 0 O-CJiLhcOJt 



XcftcfcV^Tt. 4 0 0-ClJUi{3^|,tM4'f^-i-*$n 

h-^m^^mL. sp3 M-^c^^ij'-tcfct^arv^sp^ i@ 

[0025] ClixtcML, 2|s:3%HS<7)|gHi, Ma?L:t J: ^ 

[0 026 3 ^/.:, ^(ftC^JSTuS^-fe^ 5 -y ^'X^ F 

-x\^tzmk<r>mx'\±. m^^z^ v^Mz^^x^fz-i^ 

-r c: i: ts^x: %h. ^mco-^^mn}^ 5 0 a t m%j.:Ji 
TTii. mimi:^L^\\ mz. ^m7tm<D\i-y 

MltZXr.Xtmim,^^ 1 013~1 0-<Qc mtC^;cl> 

^mMmi>zmfi(.-t^ztii<x-^i>, ^*5. H-r^s^ 

iR7C*t LTJi^^Sf*)-!) F e , Co, N i , R 
u, Rh, Pd. Os, Ir, P 1 1 J^ffi^ftcT) 1 B 
(Cu, As, Au) , 2B (Zn) , 30 (Al, G 
a, In)*\ K-r-r^S-fe^S ■y^XCOiSt^t^l.S 
i, B. A ltj<]:l/fMW»«£04AiS (Ti , Zr, H 
f). 5Aj^(V, Nb, Ta) , 6AiB6(Cr, M 

o, w) co^mhL<iizn(i<7)mm. s-im. (so 
[0027] ^%m<7)m 1 (7)m^^M.tAmzm^^h^ 

^ , ^%aftffii5i*cO*M®K<ii!f i 0 Q-m 1 0 0 Q 
/□T-S>S . mtit. 10 0 QcJ^^titSr 0 . 1 // mfftO 
flf?^15i«i:Jl{:J:oT#*7t4b{C{i, 1 OO £2cin:t- 

i H-r Lfct #coT i mamttm&umeom^^i 

^LfzhcOTiih, 

[0028] S!oT, 1 OO Q c m;t-^-cO*a«tn: 

mi,z-thfzibi,ziiT i $:fcj;'e5 a t m%mmmm-rti 

lOOnm—lO// m<^®fflT'J>iX{J.R< . mzW 1 0 
0 n m~iaA( m*^ira-C-J>.|. . )1J¥*5 1 0 0 n m J: OiS 
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[0029] tf^. y^^-^ty j^^-ji- 

[ 0 0 3 0 ] 7 ymX'^^it L;tS8B<0^ "/ h V 

-j7a- (C : H : F) *<lfltf-S*5&Bfl«0m2OM-C 

^ >'^' t*hr -I. ^^Ktt*-':^# <^ it cot im^tih . 
[ 0 0 3 1 ] 7j<«i: 7 y 3gT'^^-fl:L7t^<7);t. h -7 
-^a- (C : H : F) ^Jgjg-ri.:^«. M?^^B#fc 

-m (m=o~6 ) mim\'^i>ijm. h?>\.^iimmmk 

CF4 ^(?D-^7-yfg;ifX$:-<:tWtiL-<^>1±A-ri.::^r 

[0032] :^^mcom2cr)mit. mmmi,zi,mmi}m 
iim^m^<. mjtzimimmi!3^\^t\.^omwLi: 

(0033]®a-(C:H:F) ISjtfca- (Si: 
O) «itcOSiJ^{i. 0. 25g (a- (Si : O) ) / 
(a- (C : H : F) ) Sl(7)KHT'Si^. (a-(S 
i:O))/(a-(C:H:F))<0. 2 5T'{i:, 
:J^-^-V*yH7-^ (DLCW) ^14«*^'^<=5r-5.7ta6 

t') -d^^-itLrzK) . ^S&mtst^iztf <^j:ifziibl,zmnt 
COm^m^iSiT-th. (a- ( S i : O) ) / ( a- 
(C : H : F) ) >lXii. ^-f-^^ >- h'^-f ^>5rtt 

mi>zmm'^^m^tmrL. *7tiso«®x^^ 

®a- (C : H : F) ISitcOMtfcJt^ C fc H , F<7)# 

0. 25S (H + F) /CSO. 82cr)|EllT\ 
affix :tVl^=3r-<0WN$ ^r*»-:>:/-f y K 7^ i^' 
>6>'^-ft-r^, (H+F)/C<0. 2 5fli, sp3 

±i^<-(y^iziet-rhm(.mmioti^j:^\ (h+f) 

ZOO. 8 2Ti4*'y-7-^^:7:5r^tc>5rl>3ta6(c5a 

(3)0. 1 2 5SF/H^ 

^'t=jit-rSiSS7l<ttOi«V^]Kfc^^. F/H<0. 125 

X'li. affix:t>;i-=5r-**/hS < ^^-r-< y^iznthm 

lS{c^Sy::i^)t=S«^gS**m^Jli:tr^. fit, 
F^HT-Sb^, ®0. 4 3SO/S i ^ IT'fi, r^ryU 
7r;^cOS i«0ffi[jt5:S^-ft.-ri>. O/S i<0. 4 3 



la-cM^fit^i^-fLLna^i^wi.. o/s i > 1 -c 

{Z-(y9^zm-hm^^->fi&<tt:h. ^tJ, a- (C : 
H : F) fl|jt<^llfcfcltSC, H, F<OigjgB8^{i02 
tCSrrjlOT-fcl). HiRJSJiHFS (Hydro 

g e n F o wa r d s c a t t e r i n g Spect 
roscopy)^, C, O. F, Si?||JK(i;RBS 

(Rutherford Backscatterin 
g Sp e c t r o s c o p y ) &tCj;-:>T^J-WUJt. 

[0 0 34] 3)s:^B«{i, b-^-i7)|Lmtit#:±{Cy|<^ 
X^^mtLtz^cT):^ y h y-^ «jt i: KST^^-fL L 

Ac'f y-^ 'J 3. 'y h's-y F5r ^I-ri. %yCr)X'^h. «-tt 

tn:f*=«*»'5>^fc«ftiss*T-$-iBi-(7)iig«iPfraiMWfc- 

[ 0 0 3 5 ] ^t3. JWtC'f >-^i^'x >y MBH 

^^^^04'■C't>'^'://^>''x -y h:^i^Oie^-y KIBIi^g 

\.z i titf IEil^Ol§?g«-fb. i^««-fb&^ajj£-C- ^ -I. *^ T- 

iaWft|g4 7 2 3 1 |Hl^4 lAQl^e^ 

mm^zwi^.^tix\'^h^-iFmt£mm:m\-^x'^o to 

[0036] 

[0037] {%im\ 1 > Ill3«i, i^W9i(^%tm^Zii 
ZZ.X'\\i. \^-^-ifs-Y (S#:) 

*5(t§%^ffiei^2fc, z.f\.\.zm.-y)^m^~thK\m<r> 

mflg • iEia3Srf£Mi^Wtcj;^TffM$^xTV>§, <lco 

$-J^Jigi-S/sa6«0PHS$rlSft^^ffi5 5r«%-ri.^ fc t= 
iO. ?S*lSI«B«K.y H*>'m$fi--g.. tea. z(rm 
mim,>,zm^h'Sm,if£< . t-^j^-.+r- H^^tcHM 

[0038] lei^fflcO-f ^«iCfS(t/iffi*&P 6 
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[ 0 0 3 9 ] 114 {±, *^H«{c J: ^h^mii^iommm 
<7)BTHH5:^-r. ^mmam^ 5 5 o /imcos i ^ 

#:J11 l$-0. 1 5Mmm^Lfz. E BS«=^{C 

J;00. 5/^mCOA 1 ^1 :^>'N">y ^' U 
iOJ^?!. 5/im<^)S i02 fgi^l 3$-. *^Hjc7) 

1 4 sr 0 . 5 m mi\mxmm.Ltz . 0 5 ji, ^^^^m 

Al^, 3 iJiv-f ^o-^milS, 3 2 3 3{i;y 

^BrtS: 1 X 1 0-6TO r r {cSmtTtf*, 
SOJrOAr : 2 0 s c cm?:-^:tyjStC^AL, jJfX 
ES:2. 1 X 1 0-*To r r i; L/^. <J:tC, 
28l,ZArT'yX-?im^L. £tJL«li2 9fcJ; 0 
6 0 0 e V£7) A r ^ t'-i. t aj LT^«a« 
^S<7)jiv%-ftMa^3^ISfi=o;t. i<^f*. 'iii-ym2 
7c7)7yx^!^IS3 OtCCH, :20sccm, Hj :3 
5 s c cm^r^A-r&iiJ^tCs ECRT^Xv^^S 
6 {3;efX^AI^ 3 3^002 : 3 5 s c cmtAr : 2 
5sccm?r#AL. ;<fX£E&4. OxlO-«Torr 

bLtz. ^:^ym2 7coB\^mbmm2 9i,zx'o-^:ty 
miimm±i>zmiLti. iii^tc, 2. 4 5GHzco-7-f 

i^ajg^miSS 1 i 0, 1. 5kW(7)-7^i?PifeSrSAL 
K«<7)ECRr5X-75rJgfig:L. MS9 9. 99%<7)S 
ixyt-/^' • ^-y<y h3 7{C^L3t, J1<^B#. 
Xv^B 6co^'f-jl(;:|gSL/>:^'hgSSffi53 5lcJ: Ov^ 
O^^Ai§3 4"e2100Gauss. XVn'v i^' ■ ^ 
-^'«y h3 7T'8 7 5Gau s s<?5ECR^^i:^rS»tS: 

M«0^-/h'7-i?a- (C : H) ^jt^J^^-TS 
fc. ECRr^Xv • Xy-S-y ^^MfcJ: ►JKmr-^^^t 

L/cir^ScO:t--y by-c^a- (Si : O) ffljtcOM^ 

0. 5p.mmm,\^fz. :L<nh%wmmM.m§.}:.\^fz. 

|5l«lC-fmLfc*^BHc7)K&. i-r. HfRr^XvtcJ: 
'OTvi^yf\.tih^>>&.- (Si: O ) flljtcO:^ .y N 
y-^fi{t*^TIS>5. 5£d 0%HF^^gT'X.y^y^■r 
^i:a- (C : H) im.m^-yYv-^a^Tf-im'^fz. 
ESC A(:± sa5$^rr«a:8-wco^m. ^wmm^^za 

v^TJi. c-s iM-^fiiSa!l$tL>5r*^o^^, M^SS^jl 

iKissfhT-i!i^t/iiS«. \^-;t~xmmm.'^2 0 0 

Okg/mm2T'ife-5;t, tJ^i. mm^^\^—^—V 
7-y>-j.?ST«L/ife*. 2 5 0W/mK. ftfll^^"'- 
^SrSUSLTti^*. 2X 1 0'3i^cmT-$>-5 7t, 
[0040] ^^T\ «Si$:«fi£-rS*J^Sti: LTJi, jl 



-5. Jrf*:6<jm. AlJil^'KlAg, Au, Pt, Cu^ 
Uy^^77 'f^i^x.y^yyigS-fflv^TBf 
ffiSlf*:$:«fi)c-r-i.W^i: tTJi. ^y-^iV- S i O2 

{5-5-fb7i^:5'>'. \i.o\Y.^y^)V^ (Sd-ffc>'N'-^i^'^A, 

$ E B^«X^\--y ^ V ^^ffi^<^fi)cKXS, 

:r b u vy^:7^ ^:ji'y^yyjLmimm Lxmm.L 

!t . 0. 0 0 1~''5MmX'hK>. wmizii 

0 . 0 1 ~ 1 ;w m-chi, mz. mmcr>m^m^mm- 
^mmt Lxit. s i 02 , s i 3 N4 mi^mmx'^ 

^htc, mmt. mmmztdnhxj-'yy:^^^v~'j-t)< 
-Hit%t>ti, imtmmm:^hw-^x'hixim< , 

0 . 1 — 10// mgjS^WjST'db 4 . 
[004 1 ] VA±.cr,x 3 LTf#^>^i;t-^ > -y h 
'N.-y HtcJ; 0, lC^^^4 kHzT«AtS®S:fi-3?t 

fcci^, 109 Il]oiei|^^jl^rL^^^>i^ffi*^^<ffii^^ 

[0042] *f|BHtCt3ttSfe«iffl0^gfi|£(i, it«i, M 

m^mzmi. m.BmizaiiiiDizi=i^xm±(i> 

•I. . fi?gW^Aift0T$)^^iO#14^*-r-i. J: diiSL 
[0043] lEII^-y H<?5«^i: LTJi, ±5EL/Sttffi 

mm'fm4 5 5 s e e 6-^Hj,iffl«. i5im4 4 5 9 6 0 0 
^mmm^m\>^fcm^i.:^^miz^tixh. mz. mm 
<7)m^^Wiznvx . ^ta-t-i. x y «y h 
(TiBtta^ ft i,m^i:m^^&nm^5 9-1 23 

mzn^^'thm^imyv^-t fmms&3 9- 13S AS 
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1 ^'j^mizm':s\>^t^mmizi!i lx i>:*:^mi±^Th 
[0044] <mmm2> mmmitmmizLx. 

>y Y^(rmWmm:hh, 5 5 O >um 

cos iS«9(7)^ffl(c2. 5//m<7)^®^-ftJKl O^Jf^ 
^L. ^<r>iJ.z::K}^-,^^) vymzi. 0 H f Bj i}^(6ts: 
hmS^mmmi 15:0. 2;wm?^^L!t. MtC. EB 
IS*?£t<J: 0 0.5 ixr^ayK 1 mfig 1 2 Sr . *5&B3<7)*6 
i^S«l 5S:l//mJ0iyi:je^Lfc, ia6<±. ^ffiiii 

mm^.-^ Ar^^ yx-mmt ttzm, ^ ^ ymz\m 
mmihnm(r)^nx':^^m%^i$^xK)CHi , 

ALi^v:. HtC, *^«4 2(C02 :40sccmfcA 
r : 1 5 s c c mSr^AL, ^-yV^n'— l*)ff:'3^3 . 0 
X 1 0-*To r r Ltz. miCOMf^:}'-^"^ hU^CO 

^^mitza^^x . nm9 9 . 9 9%<r>s i x^-^-y 

^ . ^-y~yh3 9l,z5 0 0V<^m&^maLX. Si 
i:^Mimm±izxJ-<-y ^ tfc, -(:^yM2 7 J; 0 
*.mX'^^<tLtimkff):^-^-y hV-i? a - ( C : H ) « 

m^m&-rhtmz. Mi^^~y-y hu^c^x^^-yis^m 
mitzx 'ommx'^^iiLfzdr^ sco^t- -yhv-^a- 
( s i : o ) mmcom^ lummmLtz. mm^zr^mL 
timAiz-D^ ^x . mmii:mmmmfx'm& Ltimm. 

h'-y;«?-X?l«m^-C2 0 0 0kg/mm2 X'h-ofz. 

^fc. m^:^^ u—t'~y y -y i^^mx-m&Lfzm 
2 5 owxmk, immjLmtrm^Ltimm, 2x 

1 O'^QcmT'iboTt:. 

[00451 JJLhcOct d LTtf'oitit'f i^'x -y h 

[0046] <*MCT3>^MPlJli:|n|«{;LT, 08 
O^^ESrfflV^T5^Sffii^l#:iS^J^«t!t. 04' 4 3 
Itmrnm. 44{ib-:5'-. 4 5{±m^^. 4 6{iRF 
a-ffl-^ 4 7l±DC^UTXmM. 4 8{4-f^r^7*U— 
■r-f y^fflJ^JSa^fliaS, 4 9«^^P2:^-r. 09 ti. 

llrffi«5lJ0-C'S>S . II1)£0IJ«4JI$ 5 5 0 X/ m<7) S i 
9<7)«ffi{:2. 5AtmO*®lHbMl OSrJg^Ls -^^0 
±fc08Ofi£J^^a^fflV^Tm^*n:f*:a 16^0. 1 

ummis.Lfz. 'tt(:ir>-h. s i min,zm^Lfzm^ 
imcomm^mmt Ltz^k. -i^ymt m'm.A 5 x 

99. 9 9%cOSii:9 9. 9 %iOT i ^Ht^^P t 
7t. ^:<0^, S ii!!<50^Jllx— b20nin/mi T 
m^OfK^l^— hSrSnm/m i ntL^C. Si, Ti 



<0^^lC|gLT«. O2 : 1 0 0 s c c m^M^mmz 

mxL. nmwMmt,zii o i Kwco^NV-^^Af 

»^t-6 0 0Vc7)>'^'-^T;^mES:Ep^DL. 

^m^Ltz. nmzLxfmLtzmfA^^puAX'^1^ 

Lf^JSS, J14'{CiJ(t^T i <0#W^«4 a t m%X\ 

^rnxmn. 5x100 QicmX'h-^fz, 

*>'^^MIf»ifJiffl<5DVXj?.'N"^->-{C3S^LT, SicO 
^«^v:^t&^TV\ ^mx"S^itLfzmM(r>^-yYv-'p 

a- (C : H) flBti;l?3g-C^^-(bLfc^'f|g<7)^<y b 

'7-;?a- (Si: O ) «jt<^^iii«S« 1 7 ^ 1 // m 

7C*W, Fe. Co, Ni, Cu, Al, Au^SrH— 
rLfct-^-Srf^LJt. ^D^IS«»^4. 5 a 

[0047] iiUL<oj:oi,zLxn^titi8mmcr>^ 

[00481 <mmm4ymioii. m&m^^m-t^ 

>-:?i/'x<y h'V'y Y<7)}z-^-^<7)mmm^mx'hi. 
mmms t nmt^z Lx^msmm 1 6 ^mmttzm. 

WiZ. EBmmmiiZX'OO. 5x<mc7)A11gflgl2S:. 

X.'N'-yrJ'Uy^'&tcJ: Off $ 1 . 5xxmc7)Si3 N4 ^ 
^«18^, 5l#ig#llifefi«J3i:l5l:^£O^B^fflV^*5& 

m<r)U^ i9^im mummm. Lfz . mmizim vti 

•y;<7-X®JKm»:T'2 5 0 0kg/mm2 T'ftoT^^,. i:' 
7t . mOMm^ U—f- 7 5 >y A?£T-«1^ L/iMm. 
2 0 OW/mK, f*^ffi4n;^S:a!l«L^vriS«. 1 x i 0 
^^QcmX'hr>tz. 

[00491 JiLhO i d LXn htlfz^ y^'J^ -y h 

[0050] imm 5 > ^m.m\t. A^ma^ify v 

fkX^mt Ltimk(r)T^)i'y r X:t- «y h v-^«5i 
(a-(C:H:F))t, ^HxtmLL. 1!«T'^« 

-fttJt^^-fSlcOT^ryW^TX^f y hV-:;'ffljt {a- 
(S i : O) ) i:*^<i>^r-S.iffiig^aiST1iS:?g$fLfc^ 

>y b'<:oSgB«±5fecO04 1::^^ LJt«fi£t PI-T'J>I) , 

[0051 1 3|s:^Bj<7)fiia)« 1 4 $:0 5 Lfzmsm 
m.i:m\^xm^Ltz, ^bf^Stixi o-^Tor 

r\,zm^Vfzm. :ffxm^^3 0 J: O A.r : 2 0 s c c 
mi:'i:^ym.^zmXL. :^'XS.^2. IXlQ-tTor 
rhLtz, act:, ^Jt-Wl:^2 8k:Arr5X-7$-Jg^ 
L, ?l*mLfl:ffi2 9{Cj:'5 60 0eVOAr-f:t:^b' 

-A^ {fi Lxim%mmm&<r>mmmm^ s-9tm 
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n-)^. ^3i->'aS2 7<O;yxtt*&JS3 0tCC2 

Hi :25sccm,CF4 :10sccm.H2 :3 
0 s c cmi:mXL. :ff:^K^3. Ox 1 Q-^To r r 
i:L7t. -f:t>'i!S2 7cO5l#aiL««g2 9t:j:0-< Jr>' 
j:^-;I/^-800 eV«0-^:;f>'t'— ASr^l^aiL, 

umm^izmsibx a.- (c .• h : f) m^imi&L 
Jt. mmz. E c Rr7X-79i^3 6 iz^xmx^s 

BiOOz : 2 0 s c cmi: S i H4 :30sccm^ 
^AL. 2. 4 5GHzcO-7-<:?o^«j!g3 liO. 
1. 3kWc0V-<:;'o^$:®ALECRr7X-?^Jgfig 

8553 5t=<J:0v-<i?n^^Alg34Tl SOOGau 

s s . aj Lmmi&m(oy^x-?mx'8 7 5 g a u s 

3 7 4 O O V EPJD LT f- A t LTfg^^lS 

®±tcHsjtLTa- (Si : o) mm^m^tfz. -t^j: 

mcr>^--yh'?-9 Si- (C : H : F) ^jS^Jgfig-tS i: 

mz. ECRy-yx-^cvDmmi^zx'ommx-^^itL 

fz^-f mcO^- -vVy—^a.- (Si : O ) <iitOM^ 
O. 1 u-mm^L.^^o. ItLfc. vl«0fc#«« 

[0052] mkkz^Lfz^ifmm'mi . ^-r.mm 

TyX-^iiZX^yTvi^yyLfzb^^. a-CSl : 
O ) WA<7^^- -y V V—^timm 0 , ittc: 1 0 % H F?§ 
?gT'J: y^yy-th fc a - ( C : H : F ) If jgcT)^. >y h 

v—sf^^i-im-ofz. ^m&<r>m^\ia.- (C : H = 

F)fl|Jt:a-(Si:0) m^=3 : 2X'h^tz. E 
S C Ate J; §?5l$*[S]:»-«fcO*t*, *5T|0BO)l«f ^^t5V^ 
C-S ii^-^{S«)l!JSfL^d>o/i« ISHS^^ffi 
ISSSftrMSL^tem. t'>y;ir-x?gjgms:t'l 8 0 0 

kg/mm2 Th-ofz. tfz. mumm^\y—f-yy 













1 


2.5xlO'»Qcin 


220W/ibK 


100' 




2 


5X10« Qcm 


lOOW/mK 


90* 




3 


2,0xl0'»Clcm 


120W/inK 


80* 





[0059] <}i:mmi>mmm5tmmi,zLx. 

miii^m^m&Lfzm. ^i^^^x.xmm^ummtL 
x^^m<DmimmL: mm4-^9i:{^mLfz. m^ii 

[0060] 
[«4] 



•y i^jL^T-aflSt7tilS««S. 2 2 OW/mKT'Jb 0 . * 
flt^Sl^SrfflSLTt^m, 2. 5X 1 0i3QcmT'J)o 
Jt. M4'<7)7jc«iliK^:HFS (Hydroge n Fo 
wa r d s c a t t e r i n g Spectrosco 
py)-mi,zj: K)-5^mLfzmm± 1 8 a t m%TS) 0 , 7 
>yS?iJKS:RB S ( Ru t h e r f o r d Backs 
cattering Spectroscopy) jsfelc 
.tO^i-^fLTtieStil Oatm^T-ftoit. 

[0 053] mmi,zLx. m.my!fxi:mi<r>ms.x'^^ 
^(^m^mf^Lrz, 

[0054] 
[«11 





CsHa 




H, 


S1H4 


0, 


2 


25 


10 


30 


11 


8 


3 


25 


10 


30 


40 


25 



[0055] mm<D:fjmTi ^mm^m^^^mLfzm 

mm2coj:d!,z^':>fz. 

[0056] 
[|S21 





a-(Sl:0)«3t/a-(C:H:F)«ig 


2 


0.2 4 


3 


1.01 



[ 0 0 5 7 ] Be«2 . 3 amm^mmm. »f5^«**<£ 

[0058] 
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CzHz 




H, 




O2 


4 


25 


5 


30 


30 


20 


5 


15, 


20 


35 


30 


2G 


6 


25 


3 


30 


30 


20 


7 


20 


25 


10 


30 


20 


8 


25 


10 


30 


35 


5 


9 


25 


10 


30 


15 


40 



[0063 ] 



[0064] 
[«7] 



[00611 f^LftiitcouT. mi&ms tmm<7)ij 

[0062] 
[«5] 





F/H 


6 


0.124 


7 


1.01 






0/S i 




0.4 2 


9 


1.01 





(H + F) /C 


4 


0.2 4 


5 


0. 83 



[0065] JiLhO i o tc LT#^,iXJt'f -y h 

's-yHKJ^No. 4-9{Cj:i?. JiC?i:^«S!li:4kHz-C 

[0066] 
[«8] 





51 fi^ 










4 


lOOOJtg/aua^ 


4x10^ QCB 


6DW/IBK 


75* 




5 


TGDJ«g/Bun* 


2Xi0'«Qca 


50V/nK 


100* 


—10' 


6 


ISOOkg/nm' 


1.5X10'»QcB 


230V/nK 


80* 


—ID* 


7 


laOOks/mi}' 




llOW/nK 


110* 


'^lO* 


8 


lOOOkg/nn' 


4X10? Qctt 


1007/nK 


75' 


— 10* 


9 


lOQOkg/ui' 


7X 10'»Qcaj 


60VmK 


70* 





[0067] isf44-9<i:, m^. mM,imm. m\m 
[0068] <**fiCT6 > mm\3tnm>.zLx. ^ 

m^ii m-xh s . mmm 5 1 i5i«ici%^tn:«s^±& 

«0^ftT';!yx«^^J; OC2 H5 F: 20sccm, 
H2 : 1 0 s c c mtimXi^tz, M^C, *S^t4 2 tO 
2 : 3 0 s c cmfcAr : 1 5 s c cm^r^AL. 
W<-(*]flE:^3Sr3 . 2X 1 0-*To r r tL:/'^, ia7c0 



9.9 9%(7)S i X/'t-y^' • i^—y-y b 3 9ic6 0 0 V 
cO«flES:EPiDtT. S iS:fSSiatit«:®±fcX^t«y:J'L 

tz, ■^^>m2n,zi.y)7^mty"jmx"Sc'&iti^tzmM 

<r>^-yhV-^ a- (C : H : F) mm^rmmt i> 
IZ. fm^S'-y-y h*-iec^xyN--y:J'iia{cJ: >5B!*T« 

^'fkL/c^^-^S(7):t--y hy-i^a- (Si : O ) «jS^ 
mLT-*«jt^f*-pM^l . OAtm^figLfc, |HI« 

izjm Lfzmmi,z-^\,^x . mmm 5 1 mm^z Lx^mL 

tzi^. ^mmcOWi^iia.- (C : H : F) ^gjfe : a- 
(S i : O) mm=7 : 3Xh-ofz, ESCAtCiSai 

^:)3^^Vf(D^&^. *3^Bjcoi^4.ict3v^T(is c-s i 
m^imm^h.^^)^^ti. smm^mimmw^x'mmL 

fztmii. t'.y 7;?-^^J^»T' 17 0 0k g/mm2 
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^ttzm^ii. 2 5 ow/mKT'S)'9. fmrntjcm^M 

^Ltzmmi. 2. 1 X 1 Oi3Qcin-e$>'>3t, JM4'^0 
Tk^ji^SrH F S (Hydrogen Fowards 
cattering Spectroscopy) ^iz 
J:0^^WL7tM^{i24atm%T-S>0, 7'/lg?8^& 
RBS (Ru t h e r f o r d Backscatte 
ring Sp e c t r o s c o py ) ^(CJ: OiJJ-WL 

timmt 1 5 a t m%T'a5'??t. t/:;. y^i^z^-th 
m^'&^m^Lfzbz.^^ i o- x-h-otz. 

[00 6 9] fiUi<?D<fc-5{CLTf#^>ixAc^>-^>''x-y h 

[00 7 0] <^Jfefi!!7> 07{i. ||^fifia(7^*■^'r>' 
^ j: -y b H £7) b - ^ -SUcO»fffi^^0T-S) S . H 

«cii^mLJt, ®4'4 3J«Sfli, 4 4{±t-^'-, 

4 5{iti^, 4 6{iRF3W;U. AHiDCJUTX 
mM. 4 8(i-f:tyTl/-T--f ^tJ^fflftjg^jg, 4 9 

6 ^Wmttim. miZ. E B^«^tc J; O O . 5 m<0 
Al«ffil2Sr. X^N'-y^-yy^/StCj; 1 . 5ju 

mc7)Si3 N4 ffi^«185:, ^Ig^M^^f^BJcO^aM 
19§:1. SMTnmm^Ltz. -t^iji^^ Si^^ 

2 7i:«^4 5-C'9 9. 9 9%c0S i Sr^*L?t. ^ 
<0^. S ic7)j£JKl^-hf-l 5nm/mi nfctJt. S 
i cO^«{C|gLT{i, O2 : 1 0 0 s c c m$-KStf|*i 

tiSSAL. »m^mmzx 0 7 0 ow(?:»^>v— ^^a-t 

vmil ■km^'Ltz. ic73B#, :t>'j!i2 7<7)^#{i:|g 

Jia- (C:H: F)Wia: a-(Si :0) «it = 
1 : 1T'*> ESCA{Cj;S^§:^|tI:a-W<?D^m, 
*5^BJ<0jK«+'fcfcV^T«, C-S ii(g-^{iSil$fL:5r*> 

5S^^»T-l 5 0 0 k g/mm2 X'h-^ti, tfz. mi^ 

mm^ u—f-y 7 -y i^^ST-a^L7tsg*{i, 200 

W/mKT-&0. #^tn;^2:M«L7tM«. 3. 4X 
1 Oi3Qcm-C*)-53t. M4'c07kSi8jKSrHFS (Hy 
drogen F o wa r d s c a t t e r i n g S 
pectroscopy) mizi L;tlt*«±2 0 

atm%T-S>'9. 7 -yflill^SrRB S ( Ru t h e r f 
ord B a c k s c a t t e r i n g Spectr 
o s c o p y ) mitZj: O^J-W LfcMSfi 1 0 a t m^T 

[0071 ] lyjiio J: 0 i,z Lxmi^tifz-^ yi' 'Jx. ••/ h 



'^•yHSrfflv^. mums tmrn^zmAMm^rn'^ti^^ 
mum 5 1 isi^o3f^ L>tie#itttg t mxm)m h 

iifz. 

[0072] <msm8>m&m5tmmizLx. ms 

i'~^^Lfzm.jmm^m\^xm^t&tjii^m^mmLt:m, 
mm.ummtbx^-ra- (c : h : f) mmcomt: 

2>umJB^L>t. Zcr)^^ EC Rr^^Xv^ifeMS 6(C 
;<f;^^A^3 3tJ: OOj : 20 s c cmt S i H4 : 
3 0 s c c m5:®AL. 2. 4 5 GH zc7)-7-f ^na^« 
iSSliO. 1. OkWcov-f i^'a&Sr^ALECRT- 
^XvJ-J^^tTt. ^:<?)^. ECRT^Xv5g^3 6 

• (r)nmizm.m.Ltii'\-mmmG3 5iz^ ov-r i?n-^^A 

^34-Cl SOOGau s ^\^iiiLW&3 7iS^(0 
r5XvS3 6-C8 7 5Gau s scOECRj^fc^SI^ 
ftS^^Jg^L^C. ?l#aJt«fig3 7(C6kV^EpJnL 
T-^^>t'-At LT^ffiSJlitcBStf ■ aALT a 

•-(Si : o) «jtsr»^L>t« mmizj^mttzmfMz 

ov^T, »fiM5i:|B|«{cLT!H-*(fL;t^:^. 
S>J-^«a- (C : H : F) mm.: a- (S 1 : O) «5t 
= 3 : lTJ)-3;^c. ESCA{CJ;i>^$:trfSl:}i-t^coSS 
^S^BjcoJKtfictsv^TJi, c-s i^-^iiffiaosti 

-X®K^fl:n7 0 0kg/mm2 X'h-^tz, tfz. 

5 0 W/m K-C-$) D . «sWSiji*&a!l^L/c^*. 3 . 
OX 1 Oi3QcmT'^i-37t. JK4'£0**5liS$-HFS 
(Hydrogen F o wa r d s c a t t e r i n 
g Spectroscopy) ^(CiO^Wtitite* 
{i2 5 a t m%T'?> K) . 7 -y^vlUK^RB S (Ruth 
erford Backscattering S p e 
ctroscopy) m^Z^ *)-i^mLfzmmiil Sat 

t.!^, ^Iftfttil 0 0- Th-yfz. 
[0073] W±^Oj:dl=fC#^tL!t^>'i?i^'i-y h 

[0 0 74] lai Hi. ±a«0?gf4tia:{l}'v-y HfcLTO 

^ -y h^-y v^mvtLm^mi^atmmmt tx 
cr>^ >9 -y Ymw<ry-m^yr<vmimmx'tih . 

[0 07 5] lai 1 fc*3V'>T|gl&^:— ^J' 5 0 1 3<r>SM 

mW<z:-mi LTIgt&llfsa 5011, 5009&:f>tT 
[efflK-r-i. U - b'X:? U 5 0 0 5c7)/o^?i 5 0 0 4 
MLT^-^-r-S^A-U -yi^'HCjiey (0^b&) 

L. ^EPa, b:^rr6](zttfS^16§fL2., 50 0 2{i«£t¥ 
mx-h 0 . U -y >^i!i:^[*]l:::b;^>;'>T«e$rr^7^ 
0 0 0tci^LT}¥E-ri>. 5 00 7, SOOSJi^ 
:r h;<?r7-C^^ U y i/c^JWN— 5 0 0 6<Oi<7)^i^-C 
<7)#itS:5il2LT^-^ 5 0 1 3 cO[Hl«:^ri^fl]^^^fi= 

•3 Jta6co*-A.-Ki/£^ H yms^wx'hh. 5 o i e Ji 
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IBff^ -y H <7)mm 5: -y r f ■!> ^ A-y TOT 5 0 2 2 
-SOTT'. 5 0 1 5tt>rcO=3f-v -yri*!?:®?!-^ 

■ s©5i¥ST'^-v -yyf^mn 5023 s-^VL-rieii'vy 

H<7)(R?||Hia^ffa, 50 1 Tti^'J-^yj/yu—F 

T', 5 0 1 9{i:.IiOy^-KSrHfrf**[^ic#i!l-5rtgt-r 
SgPWT'S) 0, *#:^«5 0 1 8tciix^>{i^§^x 

ii;^^. 50 1 2ii. m^mmcomi^mi^-r^tiibcriu 

[0076] C:iX<i><7)^-\"y i5"J-->-i/. © 

t#tcU-F;^i^U^-5 0 0 5cr,-mmi,Zj^':,X^tlh 

(DMmimx'mmcoami}^ x.i>j:dizm^^itx\i^h 
^ftio^-f 5 yif^x-mmcofm^^o J: o t-rn 

[ 0 0 7 7 ] ^fc. *^atc«s-f y^\^^e^^m=f-^ 

[0078] 

•C«-ft:L/S^<^^-y hy-^l«jti:K«-C'SS-fl:L 

"^x . -^^mcomz^Tmimm-h t tc i o ^ 
mm^m-h^ t>immm t x & n-<7imMnx'Tmmz 

[ 0 0 7 9 ] . ^^^BJii-f y ^' i^'x <y b's-y b'cT)^ 

t^$)^w\-^x-^^Thm^mm-t ^tizxo. wai* 
izmti. ^■<yfi^<ofm^mi.z^-t^mm:fji,zmz., m 

:i:.^-)l'^—f¥mS^<^^^^mz\^±^-\t^mMib^$) 
tg&M»-r ■& ^ b I, . 

[00801 zcomm. mmi^x'm±Ltzm:i^^ji' 

a^§fE^l#14lwfl|ix^. mtA^j:^ y? v-'x >y h'^-y H 

[iaffic7)fg#^ijiB^] 



mi\ *5|BJc7)a- (C : H : F ) ^^tOK^CfcftS 

c, H. V <n>m^mm^^-tmx'h^ . 

[04 ] *5|BJcO-f y^'j/x -y h^-y KgP^BfMia-CS) 

^. 

[05 ] 3|s:^BJ<r)MJKl£^^fflV^^«jS^acO:K^ll■C•^> 
4. 
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